Newcastle-under-Lyme Primary Care NHS Trust, Civic Offices, Merrial Street, Newcastle-under-Lyme ST5 2AZ, UK Purpose: Magnetic resonance imaging (MRI) is of great aid in the diagnosis of knee lesions. Most diagnostic studies comparing MRI and arthroscopy have shown good diagnostic performance in detecting lesions of the menisci and cruciate ligaments. Nevertheless, arthroscopy has remained the reference standard for the diagnosis of internal derangements of the knee, against which alternative diagnostic modalities should be compared.
Introduction
Although surgeons often decide to proceed with arthroscopy on clinical assessment alone, the accuracy of such assessment in predicting findings of arthroscopy is between 35 and 70%. 1 -4 In England, approximately 80 000 knee arthroscopies were performed in the National Health Service in the financial year 2002 -2003. 5 Although magnetic resonance imaging (MRI) scans are often considered to give the ultimate diagnostic certainty, in reality, the performance of MRI as a diagnostic tool of internal derangement of the knee when compared with arthroscopy has not been tested in a systematic and reproducible fashion. Studies assessing MRI versus arthroscopy have not been reliably compared, making it harder to decide the correct level of clinical significance to the published data.
We therefore set out to critically assess the methodology of the studies using a scoring system as part of a systematic review and to provide a framework with which all MRI and arthroscopy studies can be accurately compared. We were interested to see whether the studies that scored higher in their methodology also had the best results.
Materials and methods
A MEDLINE search not limited to English literature was performed using the keywords arthroscopy, MRI, meniscal lesions, meniscal tears and knee pathology, over the years to identify the studies that used both MRI and arthroscopy in the diagnosis of knee injuries. All journals were considered, and all relevant articles were retrieved. Closer analysis indicated that relevant material was drawn from the years 1986-2006. Materials on this subject in the library of the Department of Trauma and Orthopaedic Surgery of Keele University Medical School, University Hospital of North Staffordshire were searched manually, and the relevant articles were also included in this study.
Papers were included if they were based on the knee pathology and used MRI and arthroscopies in some of their patients. Abstracts were excluded.
The criteria originally developed by Coleman et al. 6 for comparing surgical techniques were adopted and used to blindly assess the methods of each article twice. After twice blindly determining the Coleman score for each study, any discrepancies were given the higher Coleman score to show the study in the best light.
The original Coleman scoring system had 10 criteria, which were each scored out of 10 giving a maximum total mark of 100.
We modified the Coleman criteria by removing sections such as recovery time after surgery and surgical complications, also adding a score which includes the number of radiologists who assessed the MRI scans. This made them reproducible and relevant for the systematic review of arthroscopies and MRI scans. Each study was scored for each of the five criteria adopted (listed in Table 1 ) to give a total Coleman methodology score between 0 and 100. A perfect score of 100 would represent a study design that largely avoids the influence of chance, various biases and confounding factors.
Meniscal tears were classed as torn or not. We did not specifically look into the difference between types of tears (radial versus horizontal). Anterior cruciate ligaments (ACLs) were either completely torn or not, and we did not look into partial tears as there was not enough information to make it statistically significant. Any other knee pathologies including posterior cruciate ligament (PCL) tears, bone oedema and chondral lesions were grouped together as other pathology.
Statistics
Descriptive statistics were calculated. We used Cohen's kappa to assess reproducibility of the Coleman score. Spearman's correlation coefficient was calculated as appropriate, and significance was set at P , 0.05. 
Results
The studies reviewed used different approaches to assess the differences between MRI and arthroscopy in the diagnosis of knee pathology. Fifty-nine articles were retrieved reporting on 7367 MRI scans and 5416 arthroscopies, with an age range of 3-87 years.
Methods
When the methods of each article were blindly assessed twice, the methods scores were highly reproducible. Cohen's kappa was 0.99k, indicating the highly reproducible nature of this scoring. The Coleman methodology scores for the studies showed a mean score of 54.46 (+SD 18.33; range 10 -90) ( Fig. 1 ).
Type of study
Only one of the articles was a randomized control trial, 7 with a Coleman score of 34. This trial investigated whether MRI impacts on the clinical management of patients rather than how accurate it is in diagnosis.
Forty-seven of the articles were prospective studies; the remaining 11 were a mixture of retrospective cohort studies, audits, outcome reviews and case series. 
Correlation
The Coleman scores were correlated with the reported accuracy recorded for meniscal lesions by MRI, using arthroscopy results as gold standard (Fig. 2 ). There is a positive trend, implying that the higher the Coleman methodology scores, the greater the accuracy. The majority of the accuracy listed is greater than 80%. One data point was removed from the graph as it overly skewed the results (Fig. 3) . The data point had a Coleman score of 10 and an accuracy of 57%. The article reported the results of an audit, 8 which probably justifies why the Coleman score for that publication was so low. Figure 3 showed a Spearman's correlation coefficient of 0.0809; P ¼ 0.64. Figure 4 showed the percentage accuracy that a study produced for ACL tears correlated against Coleman scores. The line of best fit shows a positive trend.
When the year of publication was correlated with the reported accuracy recorded for meniscal lesions by MRI, using arthroscopy results as gold standard (Fig. 5) , the line of best fit showed a negative trend (Spearman's correlation coefficient, 20.274; P ¼ 0.131) (Fig. 6) . Figure 6 shows how the Coleman scores varied. For example, the Coleman scores for publications between 1986 and 1995 range from 10 to 90 and from 28 to 90 in the period 1996-2006. There is a negative trend displayed by the line of best fit, with the most recent studies having lower overall scores. This may be due to the fact that studies are no longer just comparing arthroscopy and MRI results to ascertain whether MRI should be used in the diagnosis of knee injures. As 
Studies reviewed
We have grouped the findings of all the interpretations, which are classified into three categories:
1. 43 studies that interpreted meniscal and ACL injuries 1,9 -48 ;
2. 23 studies that interpreted other aspects of MRI and arthroscopic diagnosis of knee pathology. 1,7,14,15,22,25,40,42,44,49 -62 A few studies From the studies in groups 1 and 2, we extracted the relevant data, where available, and we calculated true positive, true negative, false positive and false negatives values (Table 2) . In some instances, this meant that these data had to be calculated from other values such as specificity and sensitivity by rearranging the equations. The accuracy, sensitivity, specificity, negative predictive value (NPV), and positive predictive value (PPV) were calculated using the following equations for the three groups and separately for medial meniscus, lateral meniscus and ACL tears (Table 3) :
MRI is better in identifying patients with a medial meniscus tear than those without them. MRI is nearly 20% better in identifying patients without lateral meniscus tears than those with them. Both menisci have similar NPV and PPV results.
The group labelled 'other knee pathology' (which includes aspects such as bone oedema and osteonecrosis) has a low sensitivity, implying that MRI is more accurate in identifying meniscal lesions and ACL tears. It has a very high specificity of 98%.
Overall, MRI has a higher specificity (92.8%) than sensitivity (82.5%), and a higher NPV (92.2%) than the PPV (83.9%).
The studies that provided their results for findings such as bone oedema (listed together in the group labelled other knee pathology) had a higher average Coleman methodology score than the average for all the studies combined. This may be because the stronger studies listed all their results, whereas the weaker ones did not.
Discussion
The goals of the study were to adapt and implement a reproducible system for evaluating the methodology of studies comparing arthroscopy and MRI scans in the diagnosis of intra-articular knee pathology using an adapted version of the Coleman scoring system. The Coleman scoring system is a method of analysing the quality of the studies reviewed, and it is accurate and reproducible in systematic reviews.
6,64 Also, we devised the system, and have used it successfully for several years. In addition, it has been validated outwith of our research centre. 65 We were also interested in the trend between-studies Coleman score in relation to its results. The present investigation has highlighted a positive correlation between accuracy of MRI results for ACL and meniscal lesions, and a higher Coleman score assigned to a given study (Figs 2 -4) .
Overall, the Coleman scores of the studies varied considerably (range 10 -90). This highlights the wide range of accuracy displayed in published research studies. If this variability is linked to accuracy of results, then the accuracy portrayed by a given paper may be misleading.
The year of publication was correlated with the reported accuracy recorded for meniscal lesions by MRI (Fig. 5) , using arthroscopy results as gold standard. This negative trend was surprising. It might be explained by the fact that earlier studies focused on MRI accuracy for meniscal injury. More recently, it can be seen that this has not been the main focus of further studies. There are nine points below the line of best fit and 19 above it, although we acknowledge that the line of best fit might not be the best representation, as few studies with a lower accuracy exert an undue effect on the results as a whole.
MRI is able to detect most internal derangements of the knee efficiently. MRI has a higher specificity (i.e. correctly identifies the absence of an internal derangement of the knee) than sensitivity (i.e. accurately identifying an internal derangement of the knee). It has a higher NPV (reliability of a negative MRI result) than PPV (reliability of a positive MRI result). Thus, if a patient is given a result of a negative MRI scan, the high specificity and NPV of the scan mean that this is likely to be a true negative result.
MRI has a high sensitivity in the medial meniscus, where it was accurate in detecting a tear in 91.4% of cases. MRI has a lower specificity in the medial meniscus than in the lateral meniscus: if MRI is used as the only form of pre-operative screening for this condition, then there may well be unnecessary arthroscopies performed.
False positives and false negatives MRI studies have higher false positive than false negative results. 22 We also found this to be true when examining the combined results from meniscal lesions and ACL tears, but not when other knee pathologies such as bone oedema were considered ( Table 2) .
Radial meniscal tears are difficult to visualize on MRI; hence, they account for a large number of tears missed by MRI. Radial tears involve the free edge of the meniscus. Thus, the key to interpretation of this injury is the recognition of absence or blunting of the inner point of the meniscal triangle. 63 This study did not specifically compare the results between the different types of meniscal tears, as most articles reviewed did not specify the type of meniscal lesion.
False positive MRI scans seen in the posterior horn of the medial meniscus may reflect an inability to completely visualize the area at arthroscopy, and tears that extend to the inferior surface of the meniscus may be difficult to see. 15 Some false positive findings on MRI can be attributed to inadequate visualization of the meniscus at surgery and to the fact that the diagnosis of a tear can be subjective. 33 Some of the results listed in Table 3 were unexpected. For example, the high accuracy of the 'other knee pathology' results in comparison with the meniscal results is unusual. This might be explained because there were fewer results available for assimilation in this area.
Sixteen per cent of asymptomatic patients have evidence of meniscal tears on MRI, with the incidence increasing to 36% for patients over 45 . 66 Therefore, it is likely that some arthroscopies will be performed unnecessarily and that, in some patients, an arthroscopy is not carried out when it should be.
It should be appreciated that the sensitivity and specificity of MRI are not 100%, particularly where the lateral meniscus is involved. One of the investigations reviewed in the present study is a case series of eight bucket handle tears of the lateral meniscus in athletes which were missed on MRI scanning leading to five of the patients returning to sport prematurely. 27 MRI is the non-invasive imaging technique of choice in evaluating knee pain. 16 The high NPV and high specificity confirm the use of MRI as a screening tool highly predictive in avoiding unnecessary arthroscopies. 17, 51 The MRI examination techniques recommended in the literature at present are not able to replace arthroscopy for diagnosis of cartilage damage in the knee. 51 Although MRI is being used with increasing frequency, it is unlikely to replace clinical diagnosis. It should be used in connection with clinical findings and history to provide a more complete picture, especially in complex injuries, as history and examination alone may be unreliable in less clinically evident situations.
Retrospective studies are easier to perform, take less time to conduct and are cheaper. They also provide the weakest evidence for establishing causation. They are still valuable tools in assessing clinical outcomes. Prospective studies of a large size are more costly.
It is surprising that MRI is so widely used and, nevertheless, there have not been more randomized control trials to assess its diagnostic efficacy. It is improbable that numerous randomized controlled trials will now be undertaken to investigate the use of MRI in the diagnosis of meniscal and ACL tears. MRI in conjunction with clinical examinations is used day to day for the diagnosis of these knee injuries. There is still more research to be performed into the use of MRI in the diagnosis of other knee pathologies.
Clinical examination, when combined with MRI, provides the most accurate non-invasive source of information currently available for pathological findings in the menisci and the ACL. 19 MRI films need to be carefully examined because a meniscal tear is unlikely when MRI scans show a focus of high signal in a meniscus that does not unequivocally extend to involve the surface of the meniscus. 23 Grade 1 and 2 signals are focal or linear areas of high signal confined to the substance of the meniscus with intact outer contour lines: these are not visible at arthroscopy 23 and would be classed as a false positive result. MRI is not the most reliable tool for diagnosing recurrent meniscal tears, detecting only 66% (27/41) compared with 88% (36/41) with arthrography. The accuracy also varies with the extent of the original resection and the presence of an effusion tracking into the meniscal tear. 9 There is an increased prevalence of meniscal radial tears in the post-operative knee, with 32% in post-operative knees in comparison with 14% in normal knees. MRI might not be the optimal screening procedure in a post-operative knee. 28 
MRI versus arthroscopy in the diagnosis of knee pathology
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MRI is a useful diagnostic tool in detecting radial tears of the posterior horn of the medial meniscus, which are common in elderly patients who also often have osteoarthritis that masks their symptoms. If the tear is treated, then there is specific symptom relief.
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MRI is non-invasive. Arthroscopy has surgical risks, with a complication rate of 2.5% in arthroscopic meniscal surgery, 67 including saphenous and peroneal nerve injures, deep infections, superficial infections, vascular injuries and pulmonary embolism. Sometimes, arthroscopy reveals no abnormality or possibly minor non-pathological lesions such as plicae or chondromalacia patellae. This means that a patient could be exposed to surgical risk with no symptom benefit.
The use of MRI has increased, whereas diagnostic arthroscopies have decreased. In the USA, between 1993 and 1999, there was a 144% rise in MRI scanning of the knee. Diagnostic arthroscopy decreased by 54%, and therapeutic arthroscopies increased by 27%. 68 
MRI in the diagnosis of other knee pathology
Acute PCL injuries can be successfully detected with MRI, but MRI is not used in the diagnosis of chronic PCL injuries. The findings of seven radiologists on the scans of 10 chronic PCL injury patients were compared: 57% of chronic PCL injuries were detected by radiologists. The highest number identified by a single radiologist was eight of 10, the lowest number was four of 10. 59 The Coleman score of this study was 28. In the Results section, we combined PCL injuries with other knee pathologies in a group, which excluded meniscal and ACL injuries (Table 2) , as there were no enough data to make comparisons statistically significant on their own.
The extent of cartilage abnormalities can be concealed when MRI is used as the only diagnostic tool. Arthroscopic evaluation is more useful than radiographs or MRI to grade osteoarthritis and assess surface cartilage abnormalities.
MRI is useful to diagnose bone injuries in patients with acute knee effusions who had no ligament laxity on examination and normal findings on plain radiograph. Bone injury is the most common cause of acute effusion in this group of patients. 50 An MRI study examined the link between internal derangement of the knee and the amount of fluid present in the knee joint. An anterior -posterior measurement of 10 mm of fluid or less in the lateral aspect of the suprapatella pouch is a reasonable threshold value for distinguishing a physiologic from pathologic amount of fluid in the knee joint. 56 Changes found beneath the articular surface or in extra-articular spaces, which remain hidden at arthroscopy, are more likely to be detected with MRI. 37 MRI identifies deep chondral lesions, but not superficial ones, and also helps locate subchondral lesions undetectable by arthroscopy. 55 
Strengths and weaknesses of the study
This study includes a comprehensive cross-section of studies comparing arthroscopy and MRI. It includes a wide range of patient ages. All studies were assessed by one reviewer, so there is no inter-observer bias. The results of Coleman scoring highlight the importance of adequate study design. A high Coleman score positively correlated with the accuracy of research findings. Research studies do not always include all the information required for a comprehensive Coleman score. For example, when considering the scoring related to radiologists:
39 studies mentioned how many radiologists reviewed the MRI scans and 20 did not. If a study did not state how many radiologists assessed the MRI scans, that study was given zero points for that section. Had they used only one radiologist (and stated expressly that they had done so), that study could have scored the maximum 20 Coleman methodology points for that section. Radiologist reliability was not measured. Of those 39 studies, 13 relied on just one radiologist. This makes the observer bias equal for all the films reviewed. Conversely, it also means that if the diagnosis is performed by just one individual, then the accuracy depends solely on that radiologist.
When more than one radiologist reviewed the films, many of the studies did not state whether the films were reviewed with the radiologists together coming to a consensus, or whether the films were reviewed randomly by the separate professionals. The Coleman score was based just on the number of radiologists and did not take into account the possible advantage of a group consensus. A group consensus with the same group of radiologists interpreting all the films together should give the least biased and most accurate outcome.
The Coleman score did not take into account the number of MRI scanners used per study. The Coleman scoring for MRI scanners depends on how detailed the description of the machine was, not on the number of scanners used. If all MRI scanners used in a study had an equally good description, then they were scored accordingly.
Of the 51 studies that documented which MRI scanners they used, 12 studies 10, 17, 23, 24, 26, 28, 34, 38, 43, 44, 51, 59 used more than one MRI scanner and one multi-centre study using 12 scanners. 34 One centre used two different scanners over the course of the study. They found a difference in reliability of the MRI units of ,3% when assessing cruciate ligaments. 18 This may well be acceptable, but it is still a variable that may affect results. Differences in the reliability of the centres may be attributed to many variables: expertise of the radiologist, type of MRI unit and parameters used for imaging, to mention a few.
The number of true positive MRI results was artificially lowered in some instances by clinicians fast-tracking patients with obvious meniscal injuries for surgery without MRI. Some studies took the patients with an obvious clinical diagnosis and added them on to the surgery waiting list without having an MRI, especially those patients with locked knees, 40, 42, 43 but also those who had obvious meniscal injury. 42, 43 Fast tracking patients for a locked knee are understandable (for pain and functional purposes). However, those with obvious meniscal injuries on clinical examination may have obvious meniscal injuries on an MRI scan. Hence, their exclusion reduces the overall accuracy results for that study and would reduce the number of true positive MRI results.
All studies were assessed by the same person, with the high kappa result suggesting that intra-observer bias was minimal. To increase the accuracy, more testers could have been used and their results were compared, but practical restraints did not allow for this.
The most obvious problem in this field is that some studies are never published. If the reasons why studies remain unpublished are associated with their outcome, then the result of a systematic review could be seriously biased. Studies with positively significant results are more likely to be published than those with non-significant results. Hypothetically, with a treatment that has no actual effect on a disease, studies suggesting a beneficial effect might be published, whereas an equal mass of data pointing the other way might remain unpublished. In this situation, a systematic review of the published data would identify an unauthentic beneficial treatment effect.
Language bias
Systematic reviews published in English language journals are often exclusively based on trials published in English. Investigators working in a non-English speaking country might publish some of their work in local journals. The authors may perhaps be more likely to report positive findings in an international (i.e. English language) journal and negative findings in a local journal. It has therefore been confirmed by a member of the research team fluent in Italian, French, Spanish and Portuguese that no relevant studies were excluded from this review.
Oei et al. 69 systematically reviewed 29 studies interpreting just meniscal and cruciate injuries in 3683 knees in the years 1991-2000. That study had very stringent inclusion and exclusion criteria. Overall, Oei et al. 69 found higher sensitivities and specificities, especially when comparing the sensitivities for ACL tears (Table 4) .
Duchateau et al. 70 reviewed 29 articles using a scale of methodological quality for clinical studies developed by Arrive et al. 71 They found that standards were rarely met in the literature reviewed (relating to the methodology of the studies and the inter-and intra-observer reliability). Duchateau et al. did not interpret the sensitivities and specificities of the studies reviewed, and so these results cannot be compared with those in the present investigation.
MRI is highly accurate in the diagnosis of tears of the menisci and ACL. MRI has now made diagnostic arthroscopy redundant in most settings, and it is more appropriately used as a screening tool for therapeutic arthroscopy. Fast three-dimensional MRI allows identification of all relevant intra-articular pathologies of the knee joint within a few minutes, with high accuracy comparable to arthroscopy. 20 The diagnostic performance of MRI differs for the lateral and medial menisci.
The results of this study support the use of MRI in the diagnosis of internal derangements of the knee, when used in conjunction with a full history and clinical examination. MRI is not 100% accurate: if an MRI is reported as negative but the patient is still complaining of ongoing symptoms, then arthroscopy should be considered.
Conclusion
MRI is highly accurate in diagnosing meniscal and ACL tears. It is the most appropriate screening tool for therapeutic arthroscopy. It is preferable to diagnostic arthroscopy in most patients because it is faster and avoids surgical risks. An area of future research is the use of specific MRI sequences to identify problems in each of the various tissues in and around the knee (ligaments, menisci, tendons, articular surface and bone), while keeping the investigation within acceptable times and costs. From the present study, it is clear that the diagnostic performance results of MRI differ for the medial and lateral meniscus and the ACL, although all were above 85% accuracy. Study design characteristics should also be taken in account whenever a study on MRI assessing its diagnostic performance is designed or reviewed. There is scope for more research in this area, particularly on knee pathology other than menisci and ACL.
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